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Comments on “Satellite Potential in
an Jonized Atmosphere”

S. H. Lam*
Princeton Universily, Princeton, N. J.

N the April 1965 issue, the ATAA Journal published an

article by N. C. Jen! on the problem of a spherical satellite
moving in an lonized atmosphere. Since full-length journal
papers are subject to “rigorous technical review,” 1 was dis-
tressed to find in this paper a number of serious errors which
apparently escaped the attentions of the editors.

Jen considered a collisionless plasma flow about & sphere.
His goals were to obtain the self-consistent potential field dis-
tribution and in particular the satellite potential, the
“Coulomb drag,” and the wake trail patterns. In this note,
I shall point out only the major errors.

1) Jen assumed that the potential dropped rapidly from
the value at the satcllite wall to & negligible value within a
thin sheath of the order of several Debye lengths. Iixternal
to the sheath, the region was considered field-free, and
the charged particles behaved as neutrals. Since the sheath
was assumed thin, the edge of the sheath then forms a near
sphere of a slightly larger radius. By a somewhat tortuous
but completely false argument, Jen arrived at the conclusion
that the sheath acts as a specularly reflecting surface (item 3).
At this point, one can already conclude, within Jen’s model
so far, that the solution of this problem in the allegedly field-
free region 13 identical to that of a collisionless neutral
flow over this near sphere of specularly reflecting surface. In
particular, the drag will be completely determinate and mn-
dependent of the satellitc potential. However, the number
density distributions of ions and electrons so calculated in the
allegedly field-free region will be different since the speed
ratios of the two flows are different. "Thus, we arrive at a
contradiction to his field-free assumption via Poisson’s equa-
tion.

2) Jen assumed that the charged particles that struck
the satellite wall would first recombine, then would be “dis-
agsociated,” and be “diffused out or reflected back (as charged
particles), from the satellite surface....” This novel model
has never been suggested in the literature and is, there-
fore, an original alternative to replace the usual assumption
that the charged particles simply recombine and arc re-
emitted as neutrals. Note that Jen’s new model gives rise
to no net current regardless of the satellite wall potential, and
his later requirement of zero current to the satellite in Eq. (13)
becomes difficult to explain. Furthermore, Jen’s statement
that “the striking velocity and the reflecting velocity (of the
charged particles) must be the same from the statistical view
point,”’ 1, of course, completely {alse.

3) In requiring zero current across an elementary area on
the satellite surface, Jen wrote I5g. (13) to determine the satel-
lite wall potential (without justification or derivation):

(Cy + W cose®/*T = (C_ + W cosfle—¢o/*7

where C— and C4 are mean thermal speeds of electrons and
ions, W is the speed of the satellite, and ¢, is the satellite wall
potential. Tgnoring the difficulty mentioned in 2), we see
that Jen has a satellite made of a nonconductor since ¥ later
turned out to be afunction of §. Furthermore, when C_ > 17 >
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(., at the rear of the satellite where cosf < 0, no solution for ¥,
exists.  For precisely this case, however, Jen states that ‘¢
becomes extremely large” and on the strength of this ob-
servation, rests all his conclusions about the wake trail be-
favior.

4) To compute the so-called “Coulomb drag,” Jen in-
voked the following relation:

» = nkT

where p is called pressure intensity, n; is the ion number den-
sity, and 7 is the undisturbed ion temperature.  His Coulomb
drag was obtained by integrating the component ol this
pressure foree acting on the satellite wall. For good meas-
ure, Jen also suggested that, depending on whether W 2 (',
the rear part of the satellite may or may not contribute to this
integration. His Coulomb drag depends exponentially on .

The previous criticism is by no means complete. For ex-
ample, Jen somehow saw fit to invoke Boltzmann’s H
Theorem to justify Eqs. (6) and (7). No useful purpose will
be served to identify all of the controversial points. It is
difficult to believe that all of the points raised here could have
been overlooked if this paper has, indeed, had a rigorous
technical review.
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Reply by Author to S. H. Lam

Norman C. JEx*
City College of New York, New York, N. Y.

AM has apparently misunderstood the whole paper but
made a ‘‘vigorous technical review” of “collisionless
neutral flow about a sphere” which is significantly different
from the paper. The paper clearly indicated that the par-
ticles are electrically charged. In the field-free region, these
charged particles are considered to be Maxwellian with large
mean free paths. The plasma has the basic property of elee-
trical neutrality.

The mechanism of reflection of electrons (rom the sheath
has been analyzed and agrees with Spitzer’s statement!': “In
cquilibrium a potential gradient arises near the wall, reflecting
most of the electrons into the plasma, the numhber striking the
wall being equal to the corresponding number of positive ions
reaching the wall.”  This paper also indicated that the equi-
potential surface is nonspherical. On the other hand, Lam
made a number of statements, such as “onc can already con-
clude within Jen’s model so far that the solution of this
problem in the allegedly field-free region is identical to that of
a collisionless neutral flow over this near sphere of specularly
reflecting surface;” “the edge of the sheath then forms a near
sphere of a slightly larger radius;” and ‘“we thus arrive at a
contradiction to his field-free assumption via Poisson’s
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equation.” The author really wonders if Lam has read this
paper thoroughly.

"This paper also has indicated no intension to investigate the
complicated processcs between the striking particles and the
satellite surface, but employs only the conditions of steady
state of satellite potential and constancy of satellite mass.
The diameter of the satellite has been considered to be rather
large, of the order of meters. In general, such a satellite is
constructed as a thin conducting shell. Tt is obvious that the
electrical current normal to the satellite surface must be
zero. Spitzer' also stated that “if the potential of the solid
surface is allowed to float, no current must flow from the
plasma to the surface.” In Eq. (13), n,et /4T and (C. +
W cosf) are the electron number density and their total mean
speed in the direction normal to the satellite surface. The
product of these two quantities is the contribution to electrie
current by electrons. In the same way, the left side of the
equation is the contribution by ions. For zero current, Kq.
(13) is established easily.

Lam’s statement of “wce see that Jen has a satellite made of
a nonconductor” is certainly not true, since the paper has not
used the term ‘“nonconductor” at all, either explicitly or
implicitly. Lastly, Lam’s item 4 on Coulomb drag even con-
tradiets his own item 1.
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Comment on ““General Instability and
Optimum Design of Grid-Stiffened
Spherical Domes”

KenxeTH P. BUcHERT*
Unaversity of Missouri, Columbia, Mo.

RID-STIFFENED spherical domes subject to external
pressure, as suggested by Crawford and Schwartz,! have
been designed and built for a number of years. Shells with
base diameters of over 100 ft have operated successfully as
roofs, parts of space simulators, and outer walls of cryogenic
vessels.

Theoretical results and experimental data for general in-
stability and for buckling between stiffeners have been pub-
lished by the author.?—* The theoretical results® for a stif-
fened shell give the critical buckling pressure for general in-
stability as

Per = 0365 (8/R)* [L + (121/6°6:) 12 [1 + (A/t:bs) ]2

when 7 is the effective moment of inertia of the stiffener, and
A 15 the area of the stiffener.

The critical buckling pressure for local instability? is, ap-
proximately,

Do = T.42E13/Rb?

when the torsional stiffness of the stiffeners is relatively high.
When the torsional stiffness is relatively low, the local
buckling pressure can be calculated by using the method
previously published.*

The results of tests? indicate that if local buckling occurs
at a relatively low pressure, general instability soon follows,
and the theoretical general stability pressure is very low. In
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addition, edge effects are important in the design of stiffened
shells. A series of tests conducted at the University of
Missouri indicate that general instability will occur at a very
low load if poor edge conditions are present. In order to reach
the theoretical value of the buckling pressure, the yield strain
of the material must be high enough. Iven though the
strain in the shell and stiffeners just prior to buckling might be
relatively low (considerably below the yield strain of the
material), the strains during and after buckling are relatively
high (exceeding the yicld strain) in a practical shell.> This
pseudoelastic effect has been demonstrated in tests per-
formed at the University of Missouri.

The connections between the stiffeners and between the
stiffeners and the shell are of considerable interest to the en-
gineer. A limited number of tests have shown that the
general instability critical pressure is only reduced about 109,
if the connections between the stiffeners are eliminated and if
the attachments between the stiffeners and shell are only
509, effective.
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Reply by Authors to K. P. Buchert

RosErT F. CRAWFORD* AND DavIiD B. ScuwarTzZ T
Martin Company, Baltimore, Md.

TIFFENED shells of various types have been designed,
built, and used in flight vehicles as well as in civil struc-
tures for a number of years; however, there still exists a po-
tential for further reducing their weight and improving the
accuracy of their analysis. Substantial improvements in
vehicele performance that can be gained from such weight re-
ductions provide the impetus for accurately defining the po-
tential minimum weight and associated design details for the
many classes of stiffened shells used in their construction.
The general instability formula presented in the previous
comment Is an approximation to the eritical pressure for
symmetric buckling with a reduction factor derived from a
Karman- and Tsien-type buckling analysis. Perhaps Pro-
fessor Buchert’s procedure is justifiable for monocoque or
sandwich shells whose symmetric and asymmetric modes of
buckling have equal critical pressures; however, the subject
paper shows [Egs. (13) and (14)] that the eritical pressure for
asymmetric buckling is lower by a factor of [(1 + Ds/D)/
(1 4 E/G5) 12 {or equal stiffeners in the orthogonal directions
when Ds/D < E/Gs, as it is for the square-grid-stiffening
case. In terms of parameters similar to those used by Pro-
fessor Buchert previously, the small-deflection theory formula
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